! 5! and human Ndc80 complexes is decreased when the Ndc80 N-terminal tail is deleted (CIFERRI et al. 2008; WEI et al. 2005) . Reducing the positive charge by mutating some residues in the Ndc80 N-terminal tail abolishes MT attachments (GUIMARAES et al. 2008; MILLER et al. 2008; TOOLEY et al. 2011) . KTs are structurally intact in engineered Hec1ΔN HeLa cells, however, the cells are unable to stably bind MTs, generate tension between sister KTs or congress chromosomes (MILLER et al. 2008) . Surprisingly, the Nterminal tail of the Ndc80 protein is dispensable for viability in Saccharomyces cerevisiae although a detailed phenotypic analysis has not been reported (KEMMLER et al. 2009; LAMPERT et al. 2010) .
We confirmed that the N-terminal tail of Ndc80 was non-essential by deleting amino acids 2-112 in NDC80 (hereafter referred to as ndc80-112, see Table S1 ) in a plasmid, confirmed it by DNA sequencing, replaced one allele in a diploid where the deletion mutation was physically linked to URA3 and confirmed the deletion allele was present in the diploid by PCR. We sporulated the diploid, dissected tetrads and URA3 segregated 2:2 in all tetrads, confirming that the N-terminal tail of Ndc80 is not required for viability in yeast and that colony growth was unaffected at standard temperatures for growth ( Figure S1 ). We measured cell cycle kinetics in synchronized wild type and ndc80-112 cells to determine if deleting the N-terminal tail induced a delay in mitotic timing. We synchronized cells with α factor, released them into the cell cycle and spindle poles in the uni-lobed and bi-lobed populations. There was no significant difference in spindle lengths between the uni-lobed spindles of wild type and ndc80-112 cells (1.05 +/-0.18 µm vs 1.11 +/-0.14 µm, n=70, p=0.22 by two-tailed t-test). However the spindles of bi-lobed ndc80-112 cells were significantly longer than wild type (1.78 +/-0.19 µm vs 1.65 +/-0.17 µm, n=70, p=0.003 by two-tailed t-test, Figure 2B )." The differences probably reflect different forces exerted on the spindles in the presence or absence of the Ndc80 tail. The effects of deleting the Ndc80 tail have a measurable albeit subtle effect on spindle and kinetochore architecture in yeast, which could account for the delayed mitotic progression in ndc80-112 cells.
The subtle phenotypes associated with ndc80-112 are surprising given that the Nterminal tail of Ndc80 is essential in human cells and is required for yeast Ndc80 to bind MTs in vitro (CIFERRI et al. 2008; MILLER et al. 2008; TOOLEY et al. 2011; WEI et al. 2005) . One of the differences between kinetochores of yeast and human cells is the Dam1 complex that serves as a processivity factor for the Ndc80 complex allowing Ndc80 to track the plus ends of microtubules and establish load-bearing connections (LAMPERT et al. 2010; TIEN et al. 2010) . We constructed double mutants between ndc80-112 and dam1-1 and found that the double mutant was impaired for growth compared to the single mutants when grown at a semi-permissive temperature ( Figure 2C ). Therefore the Ndc80 tail is essential for growth under conditions where cells are limited for Dam1 activity.
There is no synthetic interaction with five other kinetochore mutants ( Figure S2 ) and therefore the synthetic interaction with dam1-1 does not reflect a structurally weakened kinetochore in ndc80-112 cells. We measured the fidelity of chromosome segregation in the strains using the established "a-like faker" (ALF) assay that measures the loss of We thank all members of the Stukenberg and Foltz labs for reagents, equipment and helpful discussions throughout this work. The work was supported by NIH grant GM086502. 
